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DISTRIBUTED STORAGE SYSTEM WITH
PLUGGABLE QUERY PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 61/875,372, filed Sep. 9, 2013, which is
incorporated herein by reference.

BACKGROUND

1. Field

The described embodiments relate to techniques for pro-
viding results in response to queries. More specifically, the
described embodiments relate to techniques for providing the
results by performing sets of predefined query-processing
operations on storage subsystems in a distributed storage
system.

2. Related Art

Data in data storage systems is often organized using data-
bases, which may facilitate retrieval of the data in response to
one or more requests or queries. In order to optimize the
response to a particular query, one or more indexes may be
used in the data storage system. These indexes may be data
structures that include pointers to address fields or records in
the database that are associated with the query, thereby facili-
tating an accelerated response to the query.

However, the capabilities of existing databases are often
limited. In particular, it can be difficult for a database to
support (with indexes and sets of query-processing opera-
tions) all the capabilities that multiple different applications
need. For example, the databases may not be able to encap-
sulate the business logic or rules for these capabilities without
excessive complexity or expense. Consequently, a particular
application may provide requests or queries that the database
is not configured to support or for which the database is not
optimized, or may not be able to submit those requests or
queries in a native or preferred format. This conflict between
the database and the applications that access the database may
negatively affect the applications’ performance and/or users’
experiences.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a flow chart illustrating a method for providing a
result for a first query and a second query to one or more
databases in accordance with an embodiment of the present
disclosure.

FIG. 2 is a flow chart further illustrating the method of FIG.
1 in accordance with an embodiment of the present disclo-
sure.

FIG. 3 is a block diagram illustrating a system that per-
forms the method of FIGS. 1 and 2 in accordance with an
embodiment of the present disclosure.

FIG. 41is a drawing illustrating a social graph in accordance
with an embodiment of the present disclosure.

FIG. 5 is a block diagram illustrating a computer system
that performs the method of FIGS. 1 and 2 in accordance with
an embodiment of the present disclosure.

FIG. 6 is a block diagram illustrating a data structure for
use in the computer system of FIG. 5 in accordance with an
embodiment of the present disclosure.

Note that like reference numerals refer to corresponding
parts throughout the drawings. Moreover, multiple instances
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2

of'the same part are designated by a common prefix separated
from an instance number by a dash.

DETAILED DESCRIPTION

Embodiments of a computer system, a technique for pro-
viding a result for a first query and a second query to one or
more databases, and a computer-program product (e.g., soft-
ware) for use with the computer system are described. During
this query-processing technique, a distributed storage system
comprising one or more databases receives queries for infor-
mation stored in the system, as well as associated query-
processing information identifying sets of predefined opera-
tions to perform on the one or more databases.

Based on the sets of predefined operations, the distributed
storage system uses one or more adaptors for multiple indi-
vidual storage subsystems within the distributed storage sys-
tem, and one or more indexes corresponding to collections of
information in the one or more databases. Then, the distrib-
uted storage system executes the sets of predefined operations
on the multiple storage subsystems to obtain results for the
queries. Note that the sets of predefined operations may be
defined by different users, so that the distributed storage
system can be adapted to these users’ needs.

In this way, the query-processing technique may allow the
users to predefine the sets of operations so that the distributed
storage system can flexibly meet the requirements of diftferent
applications. Thus, using this technique, the distributed stor-
age system may provide pluggable query processing. This
capability may ensure that the distributed storage system is
configured to support a wide variety of user needs without
requiring that such a diverse set of business logic or rules be
encapsulated in the one or more databases, which may
improve user satisfaction and the overall user experience
when using the distributed storage system.

In the discussion that follows, an individual, a user or a
recipient of the content may include a person (for example, an
existing customer, a new customer, a student, an employer, a
supplier, a service provider, a vendor, a contractor, etc.). More
generally, the query-processing technique may be used by an
organization, a business and/or a government agency. Fur-
thermore, a ‘business’ should be understood to include for-
profit corporations, non-profit corporations, groups (or
cohorts) of individuals, sole proprietorships, government
agencies, partnerships, etc.

We now describe embodiments of the method. FIG. 1 pre-
sents a flow chart illustrating a method 100 for providing a
result for a first query and a second query to one or more
databases, which may be performed by a computer system
(such as computer system 500 in FIG. 5).

During operation, the computer system receives, at a dis-
tributed storage system, the first query for information stored
in the distributed storage system and first query-processing
information identifying a first set of predefined operations to
perform on the one or more databases of the distributed stor-
age system (operation 110), and the second query for infor-
mation stored in the distributed storage system and second
query-processing information identifying a second set of pre-
defined operations to perform on the one or more databases
(operation 112). The first set of predefined operations and the
second set of predefined operations may provide user-defined
functionality other than that supported by the structure of the
one or more databases. In general, the first set of predefined
operations and the second set of predefined operations may be
provided by different users.

Note that the distributed storage system may include the
one or more databases; adaptors for multiple storage sub-
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systems in the distributed storage system that store the one or
more databases; and multiple indexes, where each of the
indexes corresponds to a different collection of information
stored in the one or more databases. Moreover, the adaptors,
the indexes, the first set of predefined operations and the
second set of predefined operations may provide dynamic
configurability for the distributed storage system.

Furthermore, as described further below with reference to
FIG. 4, data in the one or more databases may be associated
with a software application, such as a software application
that implements a social network. When using the software
application, users may interact with each other, and may
specify professional attributes of multiple individuals and
their interconnections with one another as specified by a
social graph.

In response to receiving the first query-processing infor-
mation and the second query-processing information, the
computer system accesses the first set of predefined opera-
tions and the second set of predefined operations (operation
114). Then, the computer system performs the first set of
predefined operations and the second set of predefined opera-
tions on the one or more databases (operation 116) by using
one or more of the adaptors and one or more of the indexes for
the first set of predefined operations on the one or more
databases, and the second set of predefined operations on the
one or more databases (operation 118), and by executing the
first set of predefined operations and the second set of pre-
defined operations on the multiple individual storage sub-
systems in the distributed storage system (operation 120).

Next, the computer system provides the results of the first
set of predefined operations and the second set of predefined
operations (operation 122).

In some embodiments, the one or more databases include
different types of databases from different providers having
different schemas. In these embodiments, performing the first
set of predefined operations and the second set of predefined
operations in operations 116-120 involves translating the first
set of predefined operations and the second set of predefined
operations according to the different schemas associated with
the different types of databases.

Additionally, in some embodiments the indexes include a
first index coupled to a second index. The first index may be
updated continuously as data in the one or more databases
changes, and the second index may be updated based on the
first index after a time interval. In particular, the first index
offers a real-time view of a subset of the data. After some time
(e.g., hours), the data are indexed in the second index to
provide a long-term view. Thus, the first index may be con-
figured to index a relatively small collection of recently
accessed data, until the data are captured in the second index.

In an exemplary embodiment, the query-processing tech-
nique is implemented using an electronic device (such as a
computer, a cellular telephone and/or a portable electronic
device) and at least one server, which communicate through a
network, such as a cellular-telephone network and/or the
Internet (e.g., using a client-server architecture). This is illus-
trated in FIG. 2, which presents a flow chart illustrating
method 100 (FIG. 1). During this method, a user of electronic
device 210-1 and a user of electronic device 210-2 provide
(operations 214 and 216) and server 212 receives (operation
218) the first query and the first query-processing informa-
tion, and the second query and the second query-processing
information. For example, these queries and query-process-
ing information may be associated with data generated by a
software application that is used by these users.

In response to receiving the first query-processing infor-
mation and the second query-processing information, server
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212 accesses the sets of predefined operations (operation
220). Then, server 212 performs the sets of predefined opera-
tions (operation 222) on the one or more databases. Operation
222 includes using one or more of the adaptors and one or
more of the indexes for the first set of predefined operations
on the one or more databases and the second set of predefined
operations on the one or more databases, and executing the
first set of predefined operations and the second set of pre-
defined operations on the multiple individual storage sub-
systems within the distributed storage system.

Next, server 212 provides (operation 224), and electronic
devices 210 receive (operations 226 and 228) the requested
result(s) of the sets of predefined operations.

Insome embodiments of method 100 (FIGS. 1 and 2), there
may be additional or fewer operations. Moreover, the order of
the operations may be changed, and/or two or more opera-
tions may be combined into a single operation.

We now describe embodiments of the system and the com-
puter system, and their use. FIG. 3 presents a block diagram
illustrating a system 300 that performs method 100 (FIGS. 1
and 2). In this system, a user of electronic device 210-1 may
use a software product, such as a software application that is
resident on and that executes on electronic device 210-1.

Alternatively, the user may interact with a web page that is
provided by server 212 via network 310, and which is ren-
dered by a web browser on electronic device 210-1. For
example, at least a portion of the software application may be
an application tool that is embedded in the web page, and
which executes in a virtual environment of the web browser.
Thus, the application tool may be provided to the user via a
client-server architecture.

The software application operated by the user may be a
standalone application or a portion of another application that
is resident on and which executes on electronic device 210-1
(such as a software application that is provided by server 212
or that is installed and which executes on electronic device
210-1).

As discussed previously, the user of electronic device
210-1 may use an instance of the software application, which
may allow the user to interact with users of other electronic
devices 210 in the social network. Data associated with the
software application may be provided by electronic devices
210 to server 212 via network 310.

Server 212 may store this data and may retrieve informa-
tion (for example, in response to queries from the software
application) in a distributed storage system 312. This distrib-
uted storage system may include multiple storage subsystems
(such as storage nodes 314). Data, queries and results may be
routed to and from storage nodes 314 by router 316.

Each of storage nodes 314 may include a server and one or
more databases. Moreover, each of storage nodes 314 may
include a query parser, a query plan generator, and a storage-
engine module. In an exemplary embodiment, these modules
may be implemented in software. For example, the query plan
generator may be a Java process (from Oracle Corporation of
Redwood Shores, Calif.) that executes in a compatible com-
puting environment, such as a Linux operating system. How-
ever, in other embodiments the query parser, the query plan
generator, and the storage engine are implemented, at least in
part, in hardware.

As described further below, the storage-engine module
may interface to multiple different types of databases from
different providers in storage nodes 314. In general, these
databases may be located local to the distributed storage
system 312 or remote from distributed storage system 312.

It is preferable if the technology in distributed storage
system 312 can be swapped in and out for persistence, redun-
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dancy, and availability without having to rewrite the software
modules in storage nodes 314. To facilitate this capability,
storage nodes 314 may have pluggable storage adaptors,
indexes and query processing. This pluggable capability of
distributed storage system 312 may allow it to be an open
system that facilitates external innovation and the use of
different storage subsystems or building blocks. For example,
distributed storage system 312 can accommodate adaptors
from multiple different workloads, queries and physical char-
acteristics of the storage subsystems.

Note that the adaptors may facilitate interaction across
heterogeneous databases, i.e., the multiple different types of
databases from the different providers (such as MySQL and/
or an Oracle database), and, more generally, for different
underlying storage subsystems in distributed storage system
312. As noted previously, distributed storage system 312 may
implement heterogeneous storage across the different data-
bases. To do so, distributed storage system 312 may include
handlers and translation tools for the different schemas asso-
ciated with the different types of databases.

Moreover, the indexes may optimize the performance of
queries for different collections of information in the one or
more databases. For example, the indexes may include point-
ers to rows (like address fields) in the one or more databases.
In general, the indexing structures may be optimized for
certain write and read operations (such as querying data in a
particular time range). However, it can be difficult to update
these indexes in real-time. To address this challenge, there
may be two kinds of indexes. There may be a real-time index
that is updated in real-time as transactions occur on the one or
more databases. Then, after a time interval (such as 1 hour), a
near-time index may be updated based on the real-time data.
This approach may provide good performance for batch data
transactions. These cascaded indexes may provide an orga-
nized buffer that can be queried.

Furthermore, because the one or more databases may not
encompass all the business logic or rules needed for all the
capabilities of the software application, users may generate
sets of predefined operations for query-processing logic.
These query-processing plug-ins may allow the users to cus-
tomize the capabilities of the one or more databases without
expensive and time-consuming modifications to the one or
more databases.

For example, company B may have web pages or landing
pages that are associated with the software application. These
web pages may allow the users of the software application to
follow company developments, recommend the company, or
indicate that they like the company in the context of the social
network. The web pages may also allow the users of the
software application to recommend the company’s products,
to indicate that they like the company’s products, or to write
reviews about the company’s products.

Company B may want to leverage the user profiles in the
social graph associated with the social network (which is
described further below with reference to FIG. 4). For
example, a user A may be connected to 100 people in the
social graph. If three of these people like or recommend one
of company B’s products, then company B’s products may be
placed higher in the ranking of results to a query from user A
for product information. In this way, the most relevant prod-
ucts may be presented to user A.

However, this is a complicated query that is typically dif-
ficult to implement in the one or more databases. In particular,
there may be 1000 products that need to be ranked and sorted
so the top-N results can be presented. In general, there may be
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too many of these types of application to implement in the
database architecture and the associated indexes without
undue complexity and cost.

Instead, company B or a team at a provider of the software
application may generate a set of predefined operations to
perform this query, and may provide the set of predefined
operations (or a pointer to the set of predefined operations) to
distributed storage system 312. The set of predefined opera-
tions may, for example, look-up user A’s network in the social
graph, determine the intersection of company B’s products
with the individuals in user A’s network, and rank company
B’s products accordingly. In this way, the one or more data-
bases may be externally customized (i.e., without modifying
the one or more databases) to the needs of company B.

Tustratively, the predefined operations may be stored in
the one or more databases or, more generally, within the
distributed storage system (e.g., within storage nodes 314 of
system 312 of FIG. 3). However, they may be stored external
to the distributed storage system. For example, a query
received at the storage system may include part or all of a
predefined operation. Thus, a query may include a one-time
operation not already stored at the storage system, or one or
more terms for completing or modifying an existing pre-
defined operation.

Note that information in system 300 may be stored atone or
more locations in system 300 (i.e., locally and/or remotely).
Moreover, because this data may be sensitive in nature, it may
be encrypted. For example, stored data and/or data commu-
nicated via network 310 may be encrypted.

We now further describe the social graph. As noted previ-
ously, the users, their attributes, associated organizations (or
entities) and/or their interrelationships (or connections) may
specify a social graph. FIG. 4 is a drawing illustrating a social
graph 400. This social graph may represent the connections or
interrelationships among nodes 410 (corresponding to users,
attributes of the users, entities, etc.) using edges 412. In the
context of the query-processing technique, social graph 400
may specify business information, and edges 412 may indi-
cate interrelationships or connections between the users and
organizations. However, in some embodiments, nodes 410
may be associated with attributes (such as skills) and business
information (such as contact information) of the users and/or
organizations.

In general, ‘entity’ should be understood to be a general
term that encompasses an individual, an attribute associated
with one or more individuals (such as a type of skill), a
company where the individual worked or an organization that
includes (or included) the individual (e.g., a company, an
educational institution, the government, the military), a
school that the individual attended, a job title, etc. Collec-
tively, the information in social graph 400 may specify pro-
files (such as business or personal profiles) of individuals.

FIG. 5 presents a block diagram illustrating a computer
system 500 that performs method 100 (FIGS. 1 and 2). Com-
puter system 500 includes one or more processing units or
processors 510, a communication interface 512, a user inter-
face 514, and one or more signal lines 522 coupling these
components together. Note that the one or more processors
510 may support parallel processing and/or multi-threaded
operation, the communication interface 512 may have a per-
sistent communication connection, and the one or more signal
lines 522 may constitute a communication bus. Moreover, the
user interface 514 may include a display 516 (such as a
touchscreen), a keyboard 518, and/or a pointer 520, such as a
mouse.

Memory 524 in computer system 500 may include volatile
memory and/or non-volatile memory. More specifically,
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memory 524 may include ROM, RAM, EPROM, EEPROM,
flash memory, one or more smart cards, one or more magnetic
disc storage devices, and/or one or more optical storage
devices. Memory 524 may store an operating system 526 that
includes procedures (or a set of instructions) for handling
various basic system services for performing hardware-de-
pendent tasks. Memory 524 may also store procedures (or a
set of instructions) in a communication module 528. These
communication procedures may be used for communicating
with one or more computers and/or servers, including com-
puters and/or servers that are remotely located with respect to
computer system 500.

Memory 524 may also include multiple program modules
(or sets of instructions), including software application 530
(or a set of instructions), storage-engine module 532 (or a set
of instructions), and/or encryption module 534 (or a set of
instructions). Note that one or more of these program mod-
ules (or sets of instructions) may constitute a computer-pro-
gram mechanism.

During operation of computer system 500, users 536 may
use software application 530 (such as a software application
that implements a social network). For example, users 536
may communicate messages to each other (such as invitations
to establish connections in the social graph). During these
sessions, instances of software application 530 on electronic
devices of users 536 may provide queries 538 and query-
processing information 540, which are received via commu-
nication interface 512 and communication module 528.

In response to receiving query-processing information
540, storage-engine module 532 accesses sets of predefined
operations 542 identified by query-processing information
540. These sets of predefined operations 542 may be user-
defined and may have previously been provided by users 536
to computer system 500. Then storage-engine module 532
performs the sets of predefined operations 542 on one or more
databases 544, which may include data associated with soft-
ware application 530, such as information specifying the
social graph. FIG. 6 presents a block diagram illustrating a
data structure 600 in the one or more databases 544 (FIG. 5).
In particular, data structure 600 may include one or more
social graphs 608 for use in computer system 500 (FIG. 5).
For example, social graph 608-1 may include identifiers
610-1 for the individuals, nodes 612-1, and/or edges 614-1
that represent relationships or connections between nodes
612-1. For example, nodes 612-1 may include or may be
associated with skills, jobs, companies, schools, locations,
etc. of the individuals.

Referring back to FIG. 5, performing the sets of predefined
operations 542 may involve using one or more of adaptors
546 and one or more indexes 548 for the sets of predefined
operations 542 on one or more databases 544, and executing
the sets of predefined operations 542 on the multiple storage
subsystems in the distributed storage system.

Next, computer system 500 provides one or more result(s)
550 of the sets of predefined operations 540 to the electronic
devices of users 536 via communication interface 512 and
communication module 528.

Because information in computer system 500 may be sen-
sitive in nature, in some embodiments at least some of the data
stored in memory 524 and/or at least some of the data com-
municated using communication module 528 is encrypted
using encryption module 534.

Instructions in the various modules in memory 524 may be
implemented in a high-level procedural language, an object-
oriented programming language, and/or in an assembly or
machine language. Note that the programming language may
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be compiled or interpreted, e.g., configurable or configured,
to be executed by the one or more processors.

Although computer system 500 is illustrated as having a
number of discrete items, FIG. 5 is intended to be a functional
description of the various features that may be present in
computer system 500 rather than a structural schematic of the
embodiments described herein. In practice, and as recognized
by those of ordinary skill in the art, the functions of computer
system 500 may be distributed over multiple servers or com-
puters, with various groups of the servers or computers per-
forming particular subsets of the functions. In some embodi-
ments, some or all of the functionality of computer system
500 is implemented in one or more application-specific inte-
grated circuits (ASICs) and/or one or more digital signal
processors (DSPs).

Computer systems (such as computer system 500), as well
as electronic devices, computers and servers in system 300
(FIG. 3) may include one of a variety of devices capable of
manipulating computer-readable data or communicating
such data between two or more computing systems over a
network, including a personal computer, a laptop computer, a
tablet computer, a mainframe computer, a portable electronic
device (such as a cellular phone or PDA), a server and/or a
client computer (in a client-server architecture). Moreover,
network 310 (FIG. 3) may include the Internet, World Wide
Web (WWW), an intranet, a cellular-telephone network,
LAN, WAN, MAN, or a combination of networks, or other
technology enabling communication between computing
systems.

System 300 (FIG. 3), computer system 500 and/or data
structure 600 (FIG. 6) may include fewer components or
additional components. Moreover, two or more components
may be combined into a single component, and/or a position
of one or more components may be changed. In some
embodiments, the functionality of system 300 (FIG. 3) and/or
computer system 500 may be implemented more in hardware
and less in software, or less in hardware and more in software,
as is known in the art.

In the preceding description, we refer to ‘some embodi-
ments.” Note that ‘some embodiments’ describes a subset of
all of the possible embodiments, but does not always specify
the same subset of embodiments.

The foregoing description is intended to enable any person
skilled in the art to make and use the disclosure, and is
provided in the context of a particular application and its
requirements. Moreover, the foregoing descriptions of
embodiments of the present disclosure have been presented
for purposes of illustration and description only. They are not
intended to be exhaustive or to limit the present disclosure to
the forms disclosed. Accordingly, many modifications and
variations will be apparent to practitioners skilled in the art,
and the general principles defined herein may be applied to
other embodiments and applications without departing from
the spirit and scope of the present disclosure. Additionally, the
discussion of the preceding embodiments is not intended to
limit the present disclosure. Thus, the present disclosure is not
intended to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

What is claimed is:
1. A computer-system-implemented method for providing
a result for a first query and a second query to one or more
databases, the method comprising:
receiving, at a distributed storage system:
the first query for information stored in the distributed
storage system and first query-processing informa-
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tion identifying a first set of predefined operations to
perform on the one or more databases; and
the second query for information stored in the distrib-
uted storage system and second query-processing
information identifying a second set of predefined
operations to perform on the one or more databases;
wherein the distributed storage system comprises:
the one or more databases;
adaptors for multiple storage subsystems in the dis-
tributed storage system that store the one or more
databases; and
multiple indexes, wherein each of the indexes corre-
sponds to a different collection of information
stored in the one or more databases;
in response to receiving the first query-processing infor-
mation and the second query-processing information,
accessing the first set of predefined operations and the
second set of predefined operations;

using the computer system, performing the first set of

predefined operations and the second set of predefined

operations on the one or more databases by:

using one or more of the adaptors and one or more of the
indexes for the first set of predefined operations on the
one or more databases and the second set of pre-
defined operations on the one or more databases; and

executing the first set of predefined operations and the
second set of predefined operations on the multiple
storage subsystems in the distributed storage system;
and

providing the result of the first set of predefined operations

and the second set of predefined operations, including
the requested result.

2. The method of claim 1, wherein the one or more data-
bases include different types of databases from different pro-
viders having different schemas.

3. The method of claim 2, wherein performing the first set
of predefined operations and the second set of predefined
operations involves translating the first set of predefined
operations and the second set of predefined operations to the
different schemas associated with the different types of data-
bases.

4. The method of claim 1, wherein the indexes include a
first index coupled to a second index;

wherein the first index is updated continuously as data in

the one or more databases is changed; and

wherein the second index is updated based on the first

index after a time interval.

5. The method of claim 1, wherein the first set of predefined
operations and the second set of predefined operations pro-
vide user-defined functionality other than that supported by
the structure of the one or more databases.

6. The method of claim 1, wherein the adaptors, the
indexes, the first set of predefined operations and the second
set of predefined operations provide dynamic configurability
for the distributed storage system.

7. The method of claim 1, wherein data in the one or more
databases includes professional attributes of multiple indi-
viduals and their interconnections with one another as speci-
fied by a social graph.

8. A computer-program product for use in conjunction with
a computer system, the computer-program product compris-
ing a non-transitory computer-readable storage medium and a
computer-program mechanism embedded therein, to provide
a result for a first query and a second query to one or more
databases, the computer-program mechanism including:

instructions for receiving, at a distributed storage system:
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the first query for information stored in the distributed
storage system and first query-processing informa-
tion identifying a first set of predefined operations to
perform on the one or more databases; and
the second query for information stored in the distrib-
uted storage system and second query-processing
information identifying a second set of predefined
operations to perform on the one or more databases;
wherein the distributed storage system comprises:
the one or more databases;
adaptors for multiple storage subsystems in the dis-
tributed storage system that store the one or more
databases; and
multiple indexes, wherein each of the indexes corre-
sponds to a different collection of information
stored in the one or more databases;
instructions for accessing the first set of predefined opera-
tions and the second set of predefined operations in
response to receiving the first query-processing infor-
mation and the second query-processing information;
instructions for performing the first set of predefined
operations and the second set of predefined operations
on the one or more databases by:
using one or more of the adaptors and one or more of the
indexes for the first set of predefined operations on the
one or more databases and the second set of pre-
defined operations on the one or more databases; and
executing the first set of predefined operations and the
second set of predefined operations on the multiple
storage subsystems in the distributed storage system;
and
instructions for providing the result of the first set of pre-
defined operations and the second set of predefined
operations, including the requested result.

9. The computer-program product of claim 8, wherein the
one or more databases include different types of databases
from different providers having different schemas.

10. The computer-program product of claim 9, wherein
performing the first set of predefined operations and the sec-
ond set of predefined operations involves translating the first
set of predefined operations and the second set of predefined
operations to the different schemas associated with the dif-
ferent types of databases.

11. The computer-program product of claim 8, wherein the
indexes include a first index coupled to a second index;

wherein the first index is updated continuously as data in

the one or more databases is changed; and

wherein the second index is updated based on the first

index after a time interval.

12. The computer-program product of claim 8, wherein the
first set of predefined operations and the second set of pre-
defined operations provide user-defined functionality other
than that supported by the structure of the one or more data-
bases.

13. The computer-program product of claim 8, wherein the
adaptors, the indexes, the first set of predefined operations
and the second set of predefined operations provide dynamic
configurability for the distributed storage system.

14. The computer-program product of claim 8, wherein
data in the one or more databases includes professional
attributes of multiple individuals and their interconnections
with one another as specified by a social graph.

15. A computer system, comprising: a distributed storage
system that includes multiple storage nodes, wherein a given
storage node includes:

a processor;

memory; and
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a storage-engine program module, wherein the storage-
engine program module is stored in the memory and
configured to be executed by the processor to provide a
result for a first query and a second query to one or more
databases, the storage-engine program module includ-
ing:
instructions for receiving, at the distributed storage sys-

tem:
the first query for information stored in the distributed
storage system and first query-processing informa-
tion identifying a first set of predefined operations
to perform on the one or more databases; and
the second query for information stored in the distrib-
uted storage system and second query-processing
information identifying a second set of predefined
operations to perform on the one or more data-
bases;
wherein the distributed storage system comprises:
the one or more databases;
adaptors for multiple storage subsystems in the
distributed storage system that store the one or
more databases; and
multiple indexes, wherein each of the indexes cor-
responds to a different collection of information
stored in the one or more databases;
instructions for accessing the first set of predefined
operations and the second set of predefined operations
in response to receiving the first query-processing
information and the second query-processing infor-
mation;
instructions for performing the first set of predefined
operations and the second set of predefined operations
on the one or more databases by:
using one or more of the adaptors and one or more of
the indexes for the first set of predefined operations
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on the one or more databases and the second set of
predefined operations on the one or more data-
bases; and

executing the first set of predefined operations and the
second set of predefined operations on the multiple
storage subsystems in the distributed storage sys-
tem; and

instructions for providing the result of the first set of

predefined operations and the second set of pre-

defined operations, including the requested result.

16. The computer system of claim 15, wherein the one or
more databases include different types of databases from
different providers having different schemas.

17. The computer system of claim 16, wherein performing
the first set of predefined operations and the second set of
predefined operations involves translating the first set of pre-
defined operations and the second set of predefined opera-
tions to the different schemas associated with the different
types of databases.

18. The computer system of claim 15, wherein the indexes
include a first index coupled to a second index;

wherein the first index is updated continuously as data in

the one or more databases is changed; and

wherein the second index is updated based on the first

index after a time interval.

19. The computer system of claim 15, wherein the first set
of predefined operations and the second set of predefined
operations provide user-defined functionality other than that
supported by the structure of the one or more databases.

20. The computer system of claim 15, wherein data in the
one or more databases includes professional attributes of
multiple individuals and their interconnections with one
another as specified by a social graph.
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